Objective Uric acid (UA) has shown to be a causal risk factor for the development and progression of renal disease. The aim of this study was to investigate the relationship between changes in the level of UA and trends in the renal function among hypertensive patients during a 10-year observation period. Methods The subjects included 104 hypertensive outpatients (60 women and 44 men, mean age 60±9 (SD) years at the first visit) who had undergone at least five instances of successful 24-hour home urine collection, with the first examination completed between 1998 and 2000 and the last examination completed between 2008 and 2010. Results The estimated glomerular filtration rate (eGFR) significantly decreased over the 10.4-year observation period, with an average change in eGFR of -0.66/mL/min/year. The uric acid clearance at the last examination was significantly lower than that observed at the first visit, while there were no significant differences in the serum UA levels during this period. The change in serum UA exhibited a significant negative correlation with the change in eGFR (r=-0.34, p<0.01). The patients whose UA level decreased more than 0.5 mg/ dL during the observation period demonstrated significantly smaller declines in eGFR compared to those whose UA level increased more than 0.5 mg/dL. In the multivariate analysis, the change in serum UA and the average urinary salt excretion during the observation period were found to be significantly associated with the change in eGFR, independent of age, sex, BP changes or an increased number of antihypertensive drugs. Conclusion Based on the findings observed over a 10-year observation period, increased UA is suggested to promote decline of the renal function in hypertensive patients. Controlling the level of UA as well as intensively restricting salt intake is required in order to preserve the renal function.
Introduction
The prevalence of hyperuricemia tends to increase as the number of patients with metabolic syndrome (Mets) increases. Although hyperuricemia is not included as a component of Mets, there is a possibility that it is mutually related to the development of Mets. An increased level of uric acid (UA) has shown to be associated with not only Mets, but also hypertension and the risk of cardiovascular diseases (1) (2) (3) (4) (5) (6) . We have previously reported that hypertensive patients with Mets are often complicated with hyperuricemia (7) . It is well known that renal dysfunction causes hyperuricemia. However, evidence is accumulating that hyperuricemia itself causes arteriolosclerosis and/or interstitial damage of the kidneys without intrarenal UA crystal deposition, unlike the classic gouty kidney observed following UA crystal deposition (8) (9) (10) (11) (12) (13) . In the present study, therefore, we investigated the relationship between changes in the serum UA level and the renal function in hypertensive patients over a 10-year observation period. 
Materials and Methods
Participants were recruited from among hypertensive outpatients who visited the National Kyushu Medical Center, Fukuoka, Japan. We assessed UA clearance using 24-hour home urine collection. The urine samples were collected at 24-hour intervals using a partition cup (proportional sampling method (14) ) that collected 1/50 of the urine over 24 hours. If the 24-hour creatinine excretion was within ±30% of the estimated value, the urine collection was considered successful. The first examinations were performed between 1998 and 2000, and the last examinations were performed between 2008 and 2010. The subjects included 104 patients (60 women and 44 men, mean age: 70±9 years) who underwent more than five successful 24-hour home urine collections during the follow-up period. The levels of urinary salt, UA and creatinine excretion were measured. BP was measured with a sphygmomanometer by the doctor while the patient was quietly seated. Hypertension was considered to be present if the patient had a systolic blood pressure (SBP) ! 140 mmHg and/or a diastolic blood pressure (DBP) ! 90 mmHg or was taking antihypertensive medications. The estimated glomerular filtration rate (eGFR) was calculated using the Modification of Diet in Renal Disease (MDRD) formula modified for Japanese individuals (for men, 0.741×175× serum creatinine levels-1.154×age-0.203; for women, 0.741× 175× serum creatinine levels-1.154×age-0.203×0.742 (15) ). This study was performed in accordance with institutional guidelines and was approved by the ethical committee of our institution.
Statistical analysis
The values are presented as the mean ± standard deviation (SD). The differences in the variables were compared using a one-way ANOVA. The chi-square test was also utilized when appropriate. p values of less than 0.05 were considered to be significant.
Results
Over an average period of 10.4 years, 104 subjects (60 women and 44 men, mean age: 60±9 years at the first visit) underwent urine collection an average of 11.7 times. The characteristics of the subjects are shown in Table 1 . BP and the level of urinary salt excretion decreased from 144±12/ 85±8 to 128±14/68±11 mmHg and from 9.4±3.5 to 7.8±3.1 g/day over the 10.4-year observation period, respectively. In addition, the eGFR decreased significantly from 70.7±13.9 to 63.7±15.7 mL/min/1.73 m 2 and the average change in eGFR was -0.66 mL/min/year. The level of uric acid clearance at the last visit was significantly decreased compared to that observed at the first visit (6.4±2.2 vs. 7.5±2.7 mL/ min, p<0.01); however, there were no significant differences in the serum UA levels over this period (5.5±1.1 vs. 5.7±1.5 mg/dL, ns). Table 2 shows the clinical characteristics of the subjects divided into three groups based on the change in the UA level over the observation period. The mean BP of each group decreased to the same extent over this period. However, the eGFR and the level of UA clearance at the last visit in the group whose UA level increased more than 0.5 mg/dL and the group whose level remained between +0.5 and -0.5 mg/dL were significantly decreased compared to those observed at the first visit (eGFR: 62.7±13.9 vs. 69.4± 12.4 mL/min/1.73 m 2 , 63.1±13.4 vs. 76.1±13.3 mL/min/1.73 m 2 ; UA clearance: 6.5±2.5 vs. 7.3±2.5 mL/min, 5.8±1.5 vs. 8.9±2.6 mL/min, p<0.01, respectively). In contrast, the subjects whose UA level decreased more than 0.5 mg/dL exhibited no significant changes in eGFR or UA clearance.
In the subanalysis of the 64 subjects who did not take diuretics or UA-lowering drugs during the observation period, BP and the level of urinary salt excretion similarly decreased over the 10.6-year observation period. In addition, the eGFR decreased significantly, and the average change in eGFR was -0.50 mL/min/year. The level of uric acid clearance at the last visit was significantly decreased; however, there were no significant differences in serum the UA levels over this period. Similar to the findings observed in all subjects, the eGFR and the level of UA clearance at the last visit in the group whose UA level increased more than 0.5 mg/dL and the group whose level remained between +0.5 and -0.5 mg/dL were significantly decreased compared to those observed at the first visit. On the other hand, the eGFR and the level of UA clearance at the last visit in the group whose UA level decreased more than 0.5 mg/dL improved compared to those observed at the first visit. Fig. 1 shows the relationship between the change in the serum UA level and the change in eGFR. The change in the serum UA level exhibited a significant negative correlation with the change in eGFR among all subjects (A: r=-0.34), the subjects not taking diuretics or UA-lowering drugs (B: r=-0.45) and the subjects in whom diuretics were newly administered during the observation period (C: r=-0.59). Fig. 2 shows the trend in eGFR according to the change Figure 1 . Correlation between the changes in eGFR and the changes in the serum uric acid levels among all subjects (A), subjects not taking diuretics or UA-lowering drugs (B) and subjects in whom diuretics were newly administered (C). eGFR: estimated glomerular filtration rate, UA: uric acid in the serum UA level. The patients whose UA level decreased more than 0.5 mg/dL during the observation period exhibited significantly lower declines in eGFR than those whose UA level increased more than 0.5 mg/dL, among all subjects (-0.16±1.18 vs. -1.24±0.98 mL/min/year, p<0.05, Fig. 2A ) as well as the subjects not taking diuretics or UAlowering drugs (0.25±1.22 vs. -1.01±0.80 mL/min/year, p< 0.05, Fig. 2B ).
In the multivariate analysis, the change in the serum UA level and the average level of salt excretion during the observation period were found to be significantly associated with the change in eGFR among all subjects, independent of age, sex, BP changes or an increased number of antihypertensive drugs (Table 3A) . Similarly, the change in the serum UA level and the eGFR at the first visit were found to be significantly associated with the change in eGFR among the subjects not taking diuretics or UA-lowering drugs (Table 3B).
Discussion
Over the 10-year observation period employed in the present study, changes in the serum UA level were found to be associated with a decline in the renal function among hypertensive patients. This decrease in the serum UA level protected against a decline in the eGFR, not only among all subjects, but also among subjects not taking diuretics or UA-lowering drugs.
Hyperuricemia is often observed in patients with lifestylerelated diseases, such as hypertension or Mets, and elevated UA levels are reported to be a risk factor for cardiovascular disease (1, (3) (4) (5) 7) . Mets has been found to be associated with abnormalities in the release of adipocytokines from fatty cells and visceral fat accumulation, both of which con- tribute to insulin resistance (16) . Insulin has been shown to increase Na + reabsorption via its actions on sodiumdependent monocarboxylate transporter 1 in the proximal renal tubules. The organic anion concentration in renal tubular cells increases in association with increases in Na + reabsorption, which activate UA reabsorption through UA transporter 1, leading to hyperuricemia with decreased UA excretion. The observation that body weight reduction increases UA clearance and decreases the serum UA level supports the contribution of insulin resistance to hyperuricemia (17, 18) . Therefore, advice regarding lifestyle modifications, including restricting salt intake and controlling body weight, are important for the management of hyperuricemic patients with Mets.
Hyperuricemia has also shown to be closely related to the development and progression of chronic kidney disease (CKD) (5, (8) (9) (10) (11) (12) (19) (20) (21) (22) (23) (24) (25) (26) . Gouty kidney with UA crystal deposition is known to be a complication of hyperuricemia. Concerning the mechanisms underlying the effects of hyperuricemia on the progression of CKD and the roles of insulin resistance, chronic interstitial nephritis with UA crystal deposition and arteriolonephrosclerosis due to hypertension, lipid and glucose abnormalities have been suggested. Recently, the presence of renal damage without intrarenal UA crystal deposition has also been reported (5, (8) (9) (10) (11) (12) . Uric acid is taken into vascular smooth muscle cells through the organic anion transporter, and the production of plateletderived growth factor and monocyte chemoattractant protein-1 is promoted through the actions of mitogen activated protein kinase. These compounds activate nuclear factor-κB, produce cyclooxygenase-2 (COX-2) and synthesize local thromboxane A2. As a result, renal vascular lesions are induced by inflammation of the vascular endothelium and proliferation of vascular smooth muscle cells. Furthermore, UA in vascular smooth muscle cells produces reactive oxygen species and activates the renin-angiotensin system (RAS) to produce local angiotensin II. Taken together, UA is suggested to play a key role in the development of renal microvascular disease, inflammation and the activation of RAS and COX-2, all of which aggravate renal disease and hypertension and induce endothelial dysfunction and cardiovascular disease (5, 8-10, 12, 13, 19, 26, 27 ).
Lowering the serum UA level has been shown to prevent not only glomerulonephrosclerosis and tubulointerstitial fibrosis, but also cardiovascular events (19, 26, 28, 29) , sug-gesting that providing appropriate treatment of hyperuricemia in the management of CKD is important. Many hypertensive patients who require treatment with a multiple number of antihypertensive drugs are complicated with hyperuricemia, obesity, lipid abnormalities or impaired glucose tolerance. Therefore, providing not only strict BP control, but also aggressive UA management is necessary in hypertensive patients complicated with multiple cardiovascular risk factors. In addition, hyperuricemia is divided into three types, an overproduction type, a decreased excretion type and a mixed type, based on the underlying mechanism (30) . Therefore, the therapeutic strategy should be determined after identifying the mechanism of hyperuricemia. Most hypertensive patients have been reported to have the decreased UA excretion type of hyperuricemia (31) . Therefore, it is appropriate to administer benzbromarone, a uricosuric agent, rather than allopurinol, a xanthine oxidase inhibitor, in hypertensive patients with the decreased UA excretion type of hyperuricemia.
One limitation associated with our study is that we did not investigate the prescription of specific ARBs that may potentially lower the serum UA levels. Although there were no significant differences in the use of ARBs, both at the first and last visits, between the patients with increased and those with decreased UA levels, possible differences in the prescription of UA-lowering ARBs may have influenced the changes in the UA levels observed during the observation period.
In conclusion, an elevated level of UA was suggested to promote decline in the renal function in hypertensive patients over a 10-year observation period. In addition to BP control, uric acid control and intensive salt restriction are required to preserve the renal function in hypertensive patients.
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